A major obstacle to realizing the full potential of composite structures in commercial applications is cost-effective manufacturing. Achievement of this objective requires development of a more rigorous science-based approach to composites manufacturing than that traditionally employed. This is a realistic goal, as past efforts have demonstrated the potential of process modelling as a tool for development of improved process cycles for simple structures. This paper presents a comprehensive 2-D finite element composite laminate process model which identifies a number of important processing parameters including component internal temperature, resin degree of cure, resin flow and the development of residual stress and deformation.
Process Modeling of Composite Structures
Employing a Virtual Autoclave Concept and even bagging conditions. Not only is this approach impractical outside of a laboratory environment, it also lends itself only to modelling existing setups and ignores the real value of process models: development of new systems that exist only conceptually. As illustrated in Fig. 2 , in the virtual autoclave concept the modelled part is but one component, albeit the most important.
The system also includes bagging and tooling as well as the autoclave with all its heating, cooling and pressurization devices and control systems. The other guiding principle used in program design is that of modularity, i.e. breaking the program down into a number of individual, self-sufficient units. This approach has resulted in a program structure similar to that used previously for composites process modelling by Loos and Springer [1] . As illustrated in Fig. 3 , the main body of the program consists of a series of 
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MODEL DESCRIPTION
The focus of the present model is on the analysis of composites processing at the 'local discretization' level illustrated in Fig. 1 . Using this model, a cross-section of a sub-structure is discretized into 2-D quadrilateral elements. In addition to uncured composite materials, other structural components such as pre-cured frames or honeycomb inserts as well as process tooling may be directly included in the simulation. The governing equations describing the various processing phenomena are solved using finite element techniques. Analysing only a 2-D section is likely to be adequate for most composite structures as at least one dimension is usually very large as compared to the other two. Thus, in most cases, gradients in the third direction are correspondingly small and can safely be ignored.
Thermochemical module
The thermochemical module is responsible for calculation of the distribution of component where p R is the resin density, Η is the specific rate of heat generation of the resin's exothermic reaction, ρ and C P are the composite density and specific heat respectively, and k x and k z are the thermal conductivities. At each step, a variety of equations are used to calculate the composite thermophysical properties (p, C P , k x , and k z ) in Eqn. (1) 
Flow-Compaction module
The flow-compaction module is solved only for the curing composite. The resin viscosity, the resin pressure, composite deformation and local composite fibre volume fraction are updated at each time step. The composite material is assumed to be an elastic, deformable, porous medium in which the resin flows relative to the fibre bed according to Darcy's law. The flow-compaction module solves two governing equations: the stress equilibrium and the resin continuity equations.
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Using the effective stress formulation, the stress equilibrium in 2-D cartesian co-ordinates is: 
Stress-Deformation module
The stress-deformation module predicts the development of internal stress and deformation throughout the complete cycle, and not only during cool-down. The current model incorporates analyses of all five major sources of process-induced stress. These are anisotropic ply thermal Distance From Centre Line at Section A (mm) Figure 9 Temperature asymmetry through part thickness due to presence of tool.
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symmetric temperature gradient through the part thickness. This in turn will induce gradients in resin degree of cure causing uneven part hardening and warpage. This problem will be exacerbated by thicker parts, more thermally massive tools, and poorer autoclave heat transfer.
Another important influence on final part shape and quality is the resin flow that occurs during processing. As shown in Figs. 10 and 11, resin flow for curved shapes will generally be uneven, resulting in non-uniform resin distribution throughout the part and uneven part thickness.
This is true of both bleed and no-bleed systems, although the effect will be more pronounced in the former case. 
